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The Changing face of C
':. m High Performance Computing P E R

As the science and technology of high performance computing
advances, our applications and the environment in which they execute is
constantly evolving.

e Larger systems: HPC systems are scaling to a larger and larger
numbers of processors.

« Complex codes: Codes are often multi-language, and written using
object-oriented, and data-parallel programming languages.

« Diverse environment: With the advent of the computational grid, our
codes will no longer execute on homogeneous systems, but on a large
heterogeneous system.

&5 Application performance is a complex function of many variables; it's
often counter-intuitive, and probably not predictable using first-
principles. Our performance tools are not suited for the future of HPC.




Requirements for the Success of a

':. m Modern Performance Toolkit P E R C

B I B S m . R e |

To succeed in the rapidly evolving world of HPC, a performance toolkit
should be:

&5 Scalable: Tools should scale for use on large systems.

& Portable: Tools should work on every system in the grid.

&5 Compatible: Tools should be work with most programming languages.
& Versatile: Tools should leverage a variety of HW and SW techniques.

&5 Experimental: Since analysis from first-principles is unlikely.

As always, we would like our performance tools to be:

& Easy to use: Simple and intuitive for users.

&5 Non-intrusive: Disruption of the normal execution and usage pattern for
an application should be minimal.

& The PERC project aims to develop a toolkit with these qualities.




"; m The PERC SciDAC Project

The Performance Evaluation Research Center (PERC)
IS an “Integrated Software Infrastructure Center” (1SIC)
sponsored under DoE’s SciDAC program.

* Funding: approx. $2.4 million per year.

* Mission:
Develop a science of performance.
Engineer tools for performance analysis and optimization

* Focus:

Large, grand-challenge calculations, especially SciDAC application
projects.

PERC website: http://perc.nersc.gov
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PERC Participants

PERC

PERC is a collaboration among eight institutions: four DoE laboratories,
and four Universities.
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The PERC project is led by David H. Bailey at NERSC/LBNL.

PERC'’s tool development effort is led by Dan Reed at UIUC.
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r m The PERC Performance Tool Suite P E R C

The goal of PERC's tool effort is to produce an interoperable suite of
measurement, analysis, and tuning tools that are suited for use on current

and future HPC systemes.
This goal requires three tightly coupled research efforts:

« End-user tools that integrate various analysis and measurement
approaches, providing a common interface for comparing performance
measurements across platforms and executions and correlating this
data with benchmark and application source code.

» Flexible instrumentation systems for capturing hardware and software
Interactions, instruction execution frequencies, memory reference
behavior, and execution overheads.

« Data management infrastructure for tracking performance experiments
and data across time and space.




A _ PERC
g m PAPI — Performance API

An API for portable hardware measurement

e . /A Provides the tool designer with a consistent interface and
methodology for use of the performance counter hardware
PAPI found in most major microprocessors.

PAPI is available for Linux/x86, Windows 2000, Linux/IA-64, Sun
Solaris/Ultra 2.8, IBM AlX/Power, SGI IRIX/MIPS, Compaq Tru64/Alpha
Ev6e & Ev67, and Cray T3E/Unicos.

To use PAPI on Seaborg, issue the command:

% nodul e | oad papi

For more information on PAPI at NERSC, see the NERSC help page:
http://hpcf.nersc.gov/software/tools/papi.htmi EJ
&

PAPI project homepage: http://icl.cs.utk.edu/projects/papi/ /




W ERSC) Dyninst API

il !

An API for dynamic instrumentation at (" mutater .,nﬁf'.'f.'ff.:'”“
runtlme Dhyminst J’; DR - i

Prowd_es a mach!ne independent mterfacg lﬁ:"'.":"?i”:.,l
to permit the creation of tools that use runtime e

code patching.

The interface is analogous to a machine independent intermediate
representation of instrumentation as an abstract syntax tree.

The Dyninst API is available for MIPS (IRIX), Power/PowerPC (AlX),
SPARC (Solaris), and x86 (Linux, Solaris and NT).

Dyninst project homepage: http://www.dyninst.org 2




':. m Performance Bounds P E R C

A set of tools for establishing bounds on the performance of an
application or program construct.

Will use source code analysis to determine what sections of code are
memory bandwidth limited, instruction scheduling limited, etc. on a given
architecture.

The tools will also utilize optional user annotations in order to provide
more accurate bounds for performance-critical sections of code
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e--o PERC

A tool for memory hierarchy measurement.

Uses runtime instrumentation to extract a detailed representation of the
memory reference pattern of an application.

The memory reference pattern information will be the input to a
collection of post-execution tools that provide insight into memory
performance issues such as cache conflicts and memory bandwidth
contention.

The Sigma effort is a joint collaboration between IBM and the University
of Maryland.




g SuPablo PERC

/ / An end-user tool that supports source instrumentation
i and browsing of runtime performance data with a
graphical user interface.

Incorporates the APIs and other performance tools to provide a
front-end to the PERC tool suite.

SvPabilo is available for: SunOS 5.7, SGI Irix 6.5, ] | m— @
IBM SP2 AIX 4.3, RedHat Linux 6.1, 6.2, 7.1, Intel . | —
Itanium |A-64/RedHat 7.1, and Compaq Alpha e
OSF15.1 ==

Supports C, Fortran-77, Fortran-90 s
(free and fixed form), HPF, and MPI

SvPablo project homepage:
http://www-pablo.cs.uiuc.edu/Software/SvPablo/svPablo.htm




SvPablo Components
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':. SvPablo Model P E R C
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':. m Using SvPablo at NERSC P E R C

SvPablo v5.1 is installed on NERSC’s Seaborg machine.

To use SvPablo on Seaborg, issue the command:

% nodul e | oad svpabl o

SvPablo’s main window can then be launched with the command:

% runSvPabl o &

The SvPabl oConbi ne command may be issued on the command line

as well:

% SvPabl oConbi ne <par anet er s>

<




'; The SvPablo Main Window P E R C

I | | | |

= swabo ||

Project  Instrument View GenCallGraph Help

Project Description:

Source Files: Performance Contexts:
Routines in Source File Routines in Perdformance Data
_J\ X
5 )
Source File:
Y




: Project Menu P E R

| | 1 1 -

L
I | | | I I | | I |-

= swabo ||

Project  Instrument View GenCallGraph Helpl

Project Description:

Source Files: Performance Contexts:

Routines in Source File Routines in Perdformance Data

=
2

)

Source File:

[
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New Project Dialog Box

!

Project Directory: | ofinstallisvPabloProjeats/svTempProjeati  Change |

Project Description: I

Source Directory: I :dfdemsefDem-:nPabluflnstallfSourceFiles*; MI
Source Files:

Add | Changel Delete |

Pedormance Contexts:

Add | Changel Delete |

Parser Options:

[C]
[Fartran 77]
[Fortran 90]

Change Parser Dptions...|

Dk | Cancel |




: Performance Context Dialog Box P E R C

Context Description:

e

Context Directory: | 2cts/svTempProject/defaultContext; | (Change

PerformanceFile: || I;Change

Instrument Directory: | ;/svTempProject/defaultContext! | [Change

o




e Interactive P E R C
S m Instrumentation and Analysis

Typically done in three steps:

1. source code instrumentation
2. program compilation and execution
3. performance data visualization

Each cycle (1-2-3) corresponds to a Performance-Context

If desired, the cycle can be repeated (multiple performance-contexts)

Steps 1 and 3 are done in the GUI

<




: WERSC Step 1: Source Code Instrumentation P E R C

Virtue time
tunnel display

PAPI Lib
Autopilot
Lib

Compiler P

" AP sensor
data
collector

Per-task
performance
files

Source Code
S
D

Performance
file

.




':. m Source Code Instrumentation P E R C

e |[nstrumentable constructs:
& procedure calls
& outer loops

e Basic metrics:
& counts
&5 Inclusive durations
& exclusive durations

* Optional metrics:
&5 any metric provided by PAPI
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Interactive Instrumentation

PER

| | 1 1 -

L
| | | I I |

instrumentable
constructs
(function calls
and outer loops)

Project Instrument  View

Project Description: | Red Black SOR in C using MPI

Source Files:

prelax.c
p_io.c

Routines in Source File

Performance Contexts:

Cirigin 2000 — 16 R10K processors - 800xE00
Power Challenge — 8 R10K Processors — 125x125
MoV - 8 Sun UltraSparcs - 800800

NoW - 4 Sun UltraSparcs - 125x125

> ple: no instrumentation

Routines in Performance Data

main

MPI_Comm_size
MPI1_Comm_rank
MPI_Get_processor_name

forintf

Source File: | thomefreediderose/DemoPablafInstalliSourceFiles/CMPI_RBSOR/prbsar.¢

MPI_Init({ &arge, &argv );
MPI_Comm size( MPI_COMM WORLD,
MPI_Comm rank( MPI_COMM WORLD,

if (myid == 0}
errorExit =

readInput( &n,

if {errorBExit = 0)

{

exit(l);
i

MPI_Beastiérhs, 1, MPI_DCOUBLE,

4 Instrument/Clear Line

snumprocs ) ;
emyid);

MPI_Get processor_name( processor _name, &namelen);

fprintf (stderr, "Process %d of %d on %s\n", myid, numprocs, processor_r

&it, &rhs );

MPI_Beast (&errorExit, 1, MPI_INT, 0, MPI_COMM_WORLD);

printf("Processor: %d exiting due to error: %dwn", mvid, errorEzit);

MPI_Ecast(&n, 1, MPI_INT, 0, MPI_COMM_WORLD);
MPI_Ecast(sit, 1, MPI_INT, 0, MPI_COMM WORLD);

0, MPI_COMM_WORLD) ;




Line by Line Instrumentation

PER

Instrumentable lines <

Instrumented lines

svPablo

Project  Instrument View GenCallGraph

Project Description: I MILC an |A-—64

Source Files: Performance Contexts:

1464 with 4 Processors
1464 with 16 Pr ;

setup.c
update.c
d_congradb.c
COMm_mpi.c

Routines in Performance Data

Routines in Source File

rrain -
initialize_machine n
g_syhno

setup

setup_analyze v

14—

Source File: | /u/ncsaisvpablofCelso/MILCisourcesicontrol. ¢

» initialize machine (argo, arogv);
» g _sync();
AEiget upeES
> prompt = setup();
> setup analyze () ;

A* locp ower input sets =/

> while{ readin (promst) == 0)1
/* perform warmup trajesctories =/
» dbime = —delock ()

for(traj done=0; traj done < warms; traj done++ ]|

A

b
» if(this node==0)printf ("WARMUFS CCMFLETELDn");

A* perform measuring trajectories, reunnitarizing and measuring =/
measconnt=0; A* number of measunrements ok
e » Pl = ompelx(99.9, 9990 ;

avm_iters = avs_iters = 0;

2|




" "AZEETA Line Instrumentation — Multiple Events P E R C

Project  Instrument  View

Project Description: | Red Black SOR in C using MPI

Source Files: Performance Contexts:

Cirigin 2000 — 16 R10K processors — 800x800
Power Challenge — 8 R10K Processors — 125x125
NoW — 8 Sun UltraSparcs — 800x800
Mo — 4 Sun UltraSparcs — 125x125

i Imentati

Routines in Source File Routines in Perfformance Data
main

MPI_Comm_size
MP1_Comm_rank
MPI_Get_processor_name
frrintf

Source File: | /homefreed/derose/DemoPablofinstalliSourceFiles/CMPI_RBSOR/pprbsor.c

i
*# The following line has statements grouped togsether

* to test some functionalities of the SvPablo GUI.
L

MPI_Sendrecvi su[myend*n], n, MPI_DOUBLE, bkotton, (myid+l)*blocksize
u, n, MPI_DOUELE, top, myid *# blocksize,
MPI_COMM_WORLD, &status );

MPI_Sendrecv( &u[n], n, MPI_DOUELE, top, myid * blocksize + 1,
sul (myend+1)#*n], n, MPI_DOUEBLE, botton,
(myid+1) * blocksize + 1, MPI_COMM WORLD, &status );
if (myid == 0) oldNorm = norm;

MPI_Reduce(&mynorm, &norm, 1, MPI_DOUBLE, MPI_SUM, 0, MPI_COMM WORLI
}

saveOutput ( u, n, i, norm, oldNorm );

MPI_Finalize();

 Instrument/Clear Line




': AL Line Instrumentation — Multiple Events P E R

| | 1 1 |

L
I

Project  Instrument  Wiew

Project Description: | Red Black SOR in C using MPI

Source Files:

Performance Contexts:

Routines in Source File

Origin 2000 — 16 R10K processors — 800x800
Power Challenge — 8 R10K Processors — 125x125
MNoW - 8 Sun UltraSparcs — 800x800

MoWy — 4 Sun UltraSparcs - 125x125

Routines in Performalnce Data

main

MPI_Camm_size
MPI_Camm_rank
MP|_Get processor_name

Currently selected ling
has these constructs

|R—

forintf ~+Outer Loop 5
e
Source File: Ifhomefreedfder updateOmega rbsar.c
£ * i Y

* The following
* to test some

Type of Instrumentation To Apply

+ Clear Instrument

Except |

(myid+l)*blocksize
ize,

Help |
boksize + 1,

*/ ‘ 4 Instrument
Selected
> MPI_Sendrecv(
Dismissl
> MPI_Sendrecwv(
&'ﬂ'r'mqu,l T,
if (myid == 0) cldNorm = norm;
> MPI_Reduce(émynorm, &norm, 1,

1

MPI_Finalize();

4 Instrument/Clear Line

|
T, MPI_DUOELE, Botton,

(myid+l) * blocksize + 1, MPI_COMM WORLD, &status );

MPI_DOUELE, MPI_&UM, 0, MPI_COMM_WORLI

» saveOutput( u, n, i, norm, oldNorm );

ol —
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Automatic Instrumentation

~| svPablo
Project  Instrument View GenCallGraph
Proj ~| Instrument A_64
By Source Code -
By Routine b —| By Source Code
Sou | Undo Instrumentation All Calls B
NN | —'uter Loops =
setup.c Calls &And Cuter Loops = :
update.c —| All Calls
d_congrad5b.c =
R _'| By Routine Instrument All
COM_mpi.c f s s
Calls Ta = - Clear All
Routines in Source 1| 25 I = ﬁl Call> o terformance Data
rmain Cuter Loops Of = Instrument All R
initialize_machine Instrument Subset ...
o_Sync
Setup —‘| Ca“S In Clear 4l
setup_analyze | nstrument Al Ll 7
i i- Instrument Subset =
Source File: ..n' Clear Al LCrfsourcesicontrol.c
» initialfZe MECHINS [SIOC, S0uv ) 7 —
> g_syno();
A* set up */
b 3 promst = setup ()
> setup analyze();
47 loop over input sets */
> while ( readin(promst) == 0}/
4% perform warmmp trajectories ./
» dbime = —dolock ();
foritraj done=0; tra]j done < warms; tra]j done++ )|
> update () ;
t
» if(this node==0)printf ("WARMOPS COMPILETEDn™):
/% perform measuring trajectories, reunitarizing and measuring =/
measconnt=0; /* number of measurements B
> plp = coplx (999,99, 9);
avm iters = avs_iters = 0;
i

“ Instrument/Clear Line

w~ Wiew Line Data




Step 2: Program Compilation and P E R C
rr _
W ERSC Execution

Ay
Instrumented g é y |
source code = S _.3 Irtue Flme
v < = tunnel display
aB <
Compiler * * q
" AP sensor
SvPablo data
data capture
Instrumented library collector

object code /

. Execution on
Linker

parallel
architecture

Source Code

Instrumented )

executable Performance
file




m Changes from Non-Instrumented Case P E R C

IIIII

| 1 I

« Adjust application’s Makefile(s)
- Replace source code filenames
e.g. prog.c ? prog.Context.inst.c
- Compile Instrumentationlnit.c and link with it
- Must always instrument main program
- Link with $( SVPABLO) and $( PAPI )

 EXxecute instrumented executable

« Combine per-task performance files:

% SvPabl oConbi ne —o0 PerfFile ¢ _SDDF*. asc




Interface to PAPI Hardware

':. m Performance Counters P E R C

« User-configured file is read at runtime
- desired PAPI counters are specified in file
- if file unavailable, default counter set is used
- SvPabloLibrary versions: with or without PAPI
- synthesized metrics: e.g. MFLOPS, % branches mispredicted

e 8 hardware counters are available on Seaborg, to see the available HW
events, issue the command:

% / usr/ common/ usg/ papi /2. 1/ src/tests/ avai l

See the SvPablo user’s guide for details:
ftp://lwww-pablo.cs.uiuc.edu/pub/Pablo.Release.5/Documentation/SvPabloGuide.ps.gz

<




: WERSC Step 3: Performance Data Visualization P E R C

<Source Code

Compiler |

Linker

PAPI Lib
Autopilot
Lib

Virtue time
tunnel display

)
" AP sensor
data
collector

Per-task
performance
files

Performance
file

.




rr . L
4 m Performance Data Visualization P E R C

e Color encoded GUI
- configurable by the user
- no change required to display PAPI data

* Aggregate displays
- mean and standard deviation values across processors
- maximum value and its processor number
- minimum value and its processor number

» Detalled displays
- individual metric values per processor




'; Wrrsc Performance Visualization

Project  Instrument  View

Source Files:

Project Description: | Red Black SOR in C using MPI

prbsor.c
prelax.c
p_io.c

Routines in Source File

Performance Contexts:
Paower Challenge — 8 R10K

MoV — 8 Sun UltraSparcs — a00x800
MoV — 4 Sun UltraSparcs — 125x125
Example: no instrumentation

Routines in Performance Data

MPI_Sendrecy
MPI_Send
MPI_Reduce
MPI_Brast
MPI_Recy

A N

Source File:

count,
exclusive
duration
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Function Visualization

PER

I 1 1 1 l

I | | | | I |

Project  Instrument  View

Project Description: | Red Black SOR in C using MPI

Source Files:

Performance Contexts:

prhsor.c

Routines in Source File

in 2000 - 16 R10K pro
Power Challenge - 8 R10K Proces

NoW — 8 Sun UltraSparcs - 800x800
MoW — 4 Sun UltraSparcs - 125125

Example: no instrumentation

Routines in Peformance Data

relax

fabs
updateCmega
MP1_Sendrecy

MP|_Bcast

A
MPI_Recy
updateCmega
i

Source File:

fhomefreed/derose/Demg nstall’SourceFiles/CMPI_RBSCOR/prelax.c
vold rela , omega, f, u, norm )

int n;
double *omega, *norm;
double #f, *u;

int i, k, 1lsw;
double resid;
MPI_Status status;

ANOrm 0.0;

lsw = firstcol;
for (1 = mystart; 1 <= myend; i++ )
{
for ( k = 1sw; k <« n-1; k += 2 1
{
resid = u[n*(i+l) + k] uln*i{i-13) + k]
uln*i + (k+13] + uln*i + {(k-11]
4 * uln*i + k] - fln*i + k];
*#norm += fabs(resid);
uln*i + k] -= *omega * resid / (-4);
}

lsw = 3 - 1lsw;

+ Instrument/Clear Line 4 View Line Data

+

selected
function
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Performance Metric Selection

—-| svPablo

Project  Instrument  Miew GenCallGraph

Project De:| View | April—2000)

Procedure Sort Order ..

Performance Metric Selection ...
Source Files : )

Performance Contexts:

control.c — Procedure Sort Order Dial
setup.c
update. a Sort procedures

5.¢ ~ by Mame |
Com_mpi.c
“w by Count
Routines in I
ks_congrad
MILC dclock i
cleanup_gath
dslash

scalar_mult_z | Ok | Canceli Helpl

> by Duration

Routines in Peformance Data

S ks _caongrad
-J dslash_special

scalar_mult_add su3 wector
| [ |mult_su3 _mat_wvec sum_4dir

Al mult_adj su3_mat_wec 4dir

Source File: thrmmms‘rmaurces.

v

special started=l1;

t

else |

—
e
e

t

fifdef DITASHTIME
chimed += dolock ()

W Instrument/Clear Line

dslash special (F_OFFSET (Ltt)

Arrprintf ("OOHMGRADYE: calling
dslash special (F_OFFSET(cg &
dslash special (F_OFFSET(ttt)

dramechs s dodoakfy Call Statistics
#ifdef HAS S¥s TIME H
gettimeofday(stvld, (struct [T Count
#end‘f‘f [ Duration
fendif
Loop Statistics
if (special started==0){ P
Arrprintf ("COMGRADE: calling [ Count
L ] dslash special (F_OFEFSET (cg_ k& :
i [ Duration

HW Statistics by Line

[ Floating Point Instructions
[ Level 1 Data Cache Misses
[ Data TLB Misses

[ MFLOPS

I- Performance Metric Selection Di.

Ok I Cancel Help |

=

.

=
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Source Code Visualization

-

Project  Instrument  View

Project Description: | Red Black SOR in € using MPI

Source Files:

Performance Contexts:

prelax.c
p_io.c

Routines in Source File

in 2000 — 16 R 10k
Power Challenge — 8 R10K Processors — 125x125
MoV — 8 Sun UltraSparcs - 800x800
NoW — 4 Sun UltraSparcs - 125x125
Example: no instrumentation

Routines in Performance Data

rmain SEEIPI Sendrecy Y
MPI_Comm_size T IMP send u
MPI_Comm_rank MPI_Reduce
MPI_Get_processor_name MPI_Becast
forintf /| [MPI_Reay v
trics 7
me . :
Source File: | /homefreediderose/DemoPablofInstall/SourceFiles/CMPI_RBSOR prbsor.¢
£* =y
* The following line has statements grouped together
* to test some functicnalities of the SvPable GUI.
By
2
A ~r+ » for (i=1; i«<=it; i++) { relaxin,iomega,f,u,émynorm); update
]|
[T lar > MPI_Sendrecv( &u[myend*n], n, MPI_DOUBLE, botton, (myid+l
] u, n, MPI_DOUBLE, top, myid * blocksize,
1 MPI_CCMM_WORLD, &status );
5 ||

LV ] MPI_Sendrecvi( &u[n], n, MPI_DOUBLE, tcop, myid * blocksize

sul (myend+1)#*n], n, MPI_DOUBLE, botton,

(myid+l) * blogksize + 1, MPI_COMM_WORLD, &

if (myid == 0) oldMNorm = norm;
LV ] MPI_Reduce(&mynorm, &norm, 1, MPI_DOUBLE, MPI_SUM, O,
}

A+ » saveDutput( u, n, i, norm, oldNorm );

MPI_Finalize();
1

+ Instrument/Clear Line 4 View Line Data

MET,

L




W ERSC Multiple Events Metric Box P E R

I 1 1 1 l | | 1 | -

I I | | | I | | I |-

Project  Instrument  View

Project Description: | Red Black SOR in C using MPI

Source Files: Performance Contexts:

Cirigin 2000 — 16 B10K pre — 800x800
Power Challenge - 8 R10K Processors — 125x125
NoW — 8 Sun UltraSparcs - 800x800
NoW — 4 Sun UltraSparcs - 125x125
Example: no instrumentation
Routines in Source File Routines in Pedformance Data
main S BEIP | Sendrecy i
MPI_Comm_size AT P send -
MPI_Comm_rank MPI_Reduce
MPI_Get_processor_name i |
: forintf =
mark for multiple b o Z
R10K Statistics by Line =
events Source File: | thomefreed/derose/T Data Cache Misses: HOR/prbsor.c
I 1300832.00000000 — relax [
* The foll| 370.00000000 —-updateCmega | fouped together
* to test 246.00000000 —- LOOP SvPablo GUI.
B4
» for (i=1; Dismissl Help | f,u, emynorm) ; updates
> MPI_Senc IELE, botton, (myid+l
L T, I, T I LroOOIn, o T, myid * blocksize,
MPI_COMM WORLD, &status );
> MPI_Sendrecvi &u[n], n, MPI_DOUBLE, top, myid * blocksize
sul (myend+1)#*n], n, MPI_DOUELE, bottcn,
(myid+l) * blocksize + 1, MPI_COMM WORELD, &
if (myid == 0) oldNorm = norm;
> MPI_Reduce(&mynorm, &norm, 1, MPI_DOUBLE, MPI_SUM, 0, MPI
}
» saveDutput({ u, n, i, norm, oldNorm );
MPI_Finalize(); J
! 7

+ Instrument/Clear Line “* View Line Data




: Performance Statistics P E R C

Performance Data: Call Statistics // relax // relax g I

Project  Instrur

Tasks: 0. 1

Perfornance Data: Call Statistics // updateOnega // updatelneza

Tasks: |0.. 15

File Nameis): | prbsor.c Routine Name: | maing)

Line Mumber: | 184

MPI_Sendrecy( &u[myend*n], n, MPI_DOUBLE, bottan, (myid+1)*blocksize,
Source Code Fragment: u, n, MP|_DQUBLE, top, myid * blocksize,
MPI_COMM _WORLD, &status j;

7
= ]
. M e Min
Field Name Mean Value Task Value Task Std Dev

| Count| | 1.000000 | 1.000000 | 0| 1.000000 | 0| 0.0000000C
| Seconds| | 13.810467 | 14.228165 | 2] 13.155072 | 15| 0.3197367¢
\Exclusive Seconds| | 0.016930 | 0.021476 | 1| 0.014443 | 15 | 0.0014808¢
| Loads Issued|| 887.500000 |  2232.000000 | 4| 0.000000 | 0|  8386574092C
I P [ 11 arad carnann l anwoa nnnnnn | nll Annnnnn | Al Aarnnnaancanacs
I~ e

| View detailed performance data
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Currently:

e Tools are being ported to more HPC platforms.

« Additional functionality is being added to the tools.

« Application groups are using the tools and providing feedback.

Future:

 Port tools to all major HPC platforms.

« Improve functionality with the help of feedback from application groups.
» Enhance the functionality of the tools and work on interoperation.

* Integrate performance models with the tools.

& The HPC community will be presented with a robust, versatile, and
portable suite of performance tools that is suited to a modern HPC
environment.
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PAPI Dyninst
e Multi-way multiplexing  Implement full functionality on
« Faster substrates all platforms

e Build infrastructure for use with
parallel applications

Sigma++ Performance Bounds
* Predict Performance using » Build on infrastructure for
trace data C/C++ and Fortran-77 source
« Compile-time instrumentation code
for collection of data- « Automate the application of
dependence information performance bounding

techniques
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SvPablo
 Improve infrastructure for supporting Fortran-90 codes
* Develop an infrastructure for supporting C++ codes
e Add support for OpenMP

Interoperate with the other tools and instrumentation systems:

Dyninst: Use the Dyninst API to allow dynamic instrumentation and
analysis at runtime

Performance Bounding: Use to display performance bounds alongside
measured performance

Sigma: Enable Sigma instrumentation and visualization of Sigma results




